An efficient environmentally friendly procedure for the synthesis of biologically important 3-amino-1H-benzo[f]chromene-2-carbonitriles through the one-pot, three-component reaction of β-naphthol, aromatic aldehydes, and malononitrile using p-dimethylaminopyridine (DMAP) as an effective and novel heterogeneous catalyst under thermal solvent-free conditions is described. The catalyst is inexpensive and readily available and can be recovered conveniently and reused efficiently such that a considerable catalytic activity still could be achieved after the third run. Other advantages of this procedure are high yields, relatively short reaction times, easy work-up, and absence of any volatile and hazardous organic solvents.
Introduction
Chromenes and fused chromenes are important oxygenated heterocyclic compounds with diverse and interesting biological activities. These compounds are reported to possess significant anticoagulant, diuretic, antivascular, antifungal, anticonvulsant, antiviral, antioxidative, antibacterial, and anticancer activities (Bonsignore et al., 1993; Thareja et al., 2010 ; O'Kennedy et al., 1997; Behrami 2014; Mohr et al., 1975) . A number of these compounds are employed as cosmetics and pigments (Ellis, 1997) , and potential biodegradable agrochemicals (Hafez et al., 1987) . Also, several chromenes have been proven to be efficient DNA polymerase β inhibitors (Cain, 1960) , apoptosis inducers (Skommer et al., 2006; Gao et al., 2010) , and antitrypanosomal agents (Limsuwan et al., 2009 ). Due to these important properties of chromene derivatives, considerable attention has been focused on the development of environmentally friendly methodologies to synthesize chromene scaffold specially benzo[f]chromene derivatives. These compounds are generally synthesized via a one-pot three-component cyclocondensation of β-naphthol, aromatic aldehydes, and malononitrile in the presence of several catalysts such as p-toluenesulfonic acid (p-TSA) ( (Heravi et al., 2007) , thiourea dioxide (Verma and Jain, 2012), tetrabutylammonium bromide (TBABr) (Jin et al., 2003) , and silica tungstic acid (STA) (Farahi et al., 2014) . Methods utilizing microwave irradiation in the presence of K2CO3 (Kidwai et al., 2005) or ultrasonic irradiation using cetyltrimethylammonium bromide (CTABr) (Jin et al., 2004) as catalyst, have also been reported. Although some of these methods have convenient protocols with good to high yields, the majority suffer from at least one disadvantage such as unsatisfactory yields, toxic organic solvents, long reaction times, and the use of relatively expensive catalysts. These findings prompted us to perform investigations to find a new catalyst that will enable the synthesis of 3-amino-1H-benzo[f]chromene-2-carbonitriles using simple experimental set-ups and eco-friendly conditions.
As a result of our interest in the synthesis of heterocyclic compounds (Davoodnia et al., 2007a; Davoodnia et al., 2007b; Khashi et al., 2014) , and as part of our research on the development of environmentally friendly methods for synthesis of organic compounds using reusable catalysts (Davoodnia et al., 2010; Davoodnia et al., 2012; Nakhaei et al., 2015) , we report here our results from efficient solvent-free synthesis of 3-amino-1H-benzo[f]chromene-2-carbonitriles 4a-i by one-pot, three-component reaction of β-naphthol 1, aromatic aldehydes 2a-i, and malononitrile 3, using p-dimethylaminopyridine (DMAP) as a novel heterogeneous catalyst (Scheme 1).
Scheme 1. DMAP catalyzed synthesis of 3-amino-1H-benzo[f]chromene-2-carbonitriles

Materials and Methods
All chemicals were available commercially and used without additional purification. Melting points were recorded using a Stuart SMP3 melting point apparatus. The FT-IR spectra of the products were obtained with KBr disks, using a Tensor 27 Bruker spectrophotometer. The 1 H NMR (250 and 300 MHz) spectra were recorded using Bruker 250 and 300 spectrometers.
General Procedure for the Synthesis of 3-Amino-1H-benzo[f]chromene-2-carbonitriles 4a-i Catalyzed by DMAP
A mixture of β-naphthol (1 mmol), aromatic aldehyde (1 mmol), malononitrile (1 mmol) and DMAP (0.1 mmol, 10 mol%) was heated on the oil bath at 120 °C for the indicated time. The progress of the reaction was monitored by TLC. Upon completion, the mixture was cooled to room temperature and cold EtOH/H2O (5 mL/5 mL) was added. This resulted in the precipitation of the product, which was collected by filtration and then recrystallized from ethanol (96%) to give compounds 4a-i in high yields. 
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Results & discussion
At the outset, we examined the reaction by using β-naphthol 1 (1 mmol), 4-chlorobenzaldehyde 2d (1 mmol), and malononitrile 3 (1 mmol) as model subs-trates for the synthesis of compound 4d. No product was obtained in the absence of the catalyst at 120 °C under solvent-free conditions even after 180 min. Pleasingly, we discovered that the reaction was efficiently catalyzed by DMAP under solvent-free conditions at an elevated temperature, providing a high yield of product 4d. The reaction conditions were then optimized by conducting the reaction at different temperatures and employing different loadings of the catalyst. The results are summarized in Table 1 . The efficiency of the reaction is mainly affected by the amount of the catalyst. When the amount of the catalyst was increased, a ramp in the yield of the product 4d was observed. The optimal amount of the catalyst was 10 mol% (entry 9); increasing the amount of the catalyst beyond this value did not increase the yield of the product. The effect of temperature was investigated by carrying out the same model reaction at different temperatures under solvent-free conditions. The yield increased as the reaction temperature was raised and at 120 °C the product was obtained in high yield. Higher temperature did not increase the yield of the product. Also, the reaction was carried out in various solvents. As shown, in comparison with conventional methods the yields of the reaction under solvent-free conditions are higher and the reaction time is shorter. Therefore, our optimized conditions are 10 mol% of DMAP at 120 °C under solvent-free conditions. All subsequent reactions were carried out using these conditions. 100  120  40  3  5  -----120  90  61  4  5  -----140  90  60  5  7  -----100  90  52  6  7  -----120  70  76  7  7  -----140  75  76  8  10  -----100  80  71  9  10  -----120  30  90  10  10  -----140  35  89  11  15  -----120  45  88  12  10  H2O  Reflux  120  45  13  10  MeOH  Reflux  75  70  14  10  EtOH  Reflux  60  79  15  10  MeCO2Et  Reflux  100  62  16 10 CH2Cl2 Reflux 120 51 Reaction conditions: β-naphthol (1 mmol), 4-chlorobenzaldehyde (1 mmol), malononitrile (1 mmol).
To evaluate the scope of this catalytic transformation, the optimized reaction conditions were subsequently applied to the reaction of β-naphthol and malononitrile with a variety of different aromatic aldehydes under the optimized reaction conditions. In all cases the expected products were obtained in high yields in relatively short reaction times. The results are summarized in Table 2 . As shown, aromatic aldehydes with substituents carrying either electron-donating or electron-withdrawing groups reacted successfully and gave the corresponding 3-amino-1H-benzo[f]chromene-2-carbonitrile products in high yields. Reaction conditions: β-naphthol (1 mmol), aromatic aldehyde (1 mmol), malononitrile (1 mmol), DMAP (0.1 mmol, 10 mol%), 120 ºC, solvent-free.
The results obtained in the current study using the DMAP catalyst were compared with those previously reported for the synthesis of 3-amino-1H-benzo[f]chromene-2-carbonitrile using a variety of different catalysts. As shown in Table 3 , it is clear that the DMAP catalyst gave shorter reaction time than all of the other conditions (except for the reactions catalyzed by K2CO3 or CTABr under microwave and ultrasonic irradiation, respectively). The reusability of the catalyst was also investigated. After completion of the reaction, the reaction mixture was cooled to room temperature, and cold ethanol/water was added. The precipitated product was collected by filtration, and washed repeatedly with cold ethanol/water. The combined filtrate was evaporated to dryness under reduced pressure. The solid catalyst was collected, dried at 70 ºC under vacuum for 1 h, and reused for the same experiment. We found that the catalyst could be used at least three times with only a slight reduction in activity (90% for 1st use; 89% for 2nd use; 87% for 3rd use).
Conclusion
In conclusion, we have reported a new catalytic method for the synthesis of 3-amino-1H-benzo[f]chromene-2-carbonitriles from the one-pot reaction of β-naphthol, aromatic aldehydes, and malononitrile in the presence of DMAP as an efficient heterogeneous catalyst. This method provided the desired products in high yields over relatively short reaction times, following a facile work-up process. Furthermore, the catalyst could be readily recycled, and reused at least three times without any discernible reduction in its catalytic activity. No hazardous organic solvent were used, resulting in eco-friendly process.
